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AERODYNAMIC CHARACTERISTICS AT MACH NUMBERS FROM
2,29 TO 4.8 OF 80° SMEPT ARRON WINGS WITH AND
WITHOUT CAMBER AND TWIST*

By Dennis F. Hasson and Norman Wong
SUMMARY

A Investigation has been conducted to determine the lift, drag,
and pitching-moment characteristics of a cambered and twisted arrow wing
and an uncambered and untwisted arrow wing. The cambered and twisted
wing was designed to give a high value of maximm lift-drag ratio at a
lift coefficient of 0.8 at a Mach number of 3.0. Each wing had a
leading-edge sweep of 80°, an aspect ratio of 1,085, a taper ratio of 0,
and a notch ratio of 0.6b. A 2.5-percent streamvise thickness distribu-
tion was centered on the mean camber surface of both wings.

Tests were conducted at Mach numbers of 2.29, 2.98, 3.96, and 4.6
with transition fixed. The Reynolds number based on the mean aerodynamic
chord for most of the tests was 5.0 x 105. Additional tests at a Mach
number of 2.98 were made at Reynolds numbers of 12.7 x 106 and 16.1 x 106
on the cambered and twisted wing and 12,7 X 106 and 14.9 x 106 on the wing

without camber and twist.

The experimental maximum lift-drag ratio at a Mach number of 2.98
and a Reynolds number of 5,0 x 106 for the cambered and twisted wing was

7.50 and, thus, was below the theoretical estimate of 9.1. At a Mach
number of 2.9 the cambered and twisted wing showed a 0.4 increase in
lift-drag ratio over the wing without camber and twist. This increment
In maximum lift-drag ratio due to camber and twist decreased with
increasing Mach number up to a Mach number of approximately 3.63; from
M=3.68 to M-=14.65 thewing without camber and twist had higher
values of lift-drag ratio than did the wing with camber and twist. The

highest value of maximum lift-drag ratio at the design Mach number was
8.0 at a Reynolds number of 16.1 x .

*
Title, Unclassified.
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With the moment reference centers at 0,474 of the mean aerodynamic
chord, both wings were longitudinally stable at lift coefficients below
the design lift coefficient at all test Mach numbers except at a Mach
number of 4.65 where the cambered and twisted wing became neutrally
stable. At lift coefficients near or above the design lift coefficient,

a nonlinear change in pitching-moment coefficients developed that resulted
in instability tendencies for both wings.

INTRODUCTION

Current interest in the development of airplane configurations having
long-range capabilities at supersonic speeds has resulted In extensive
investigation of arrangements designed to produce high values of maximum
lift-drag ratio. One approach to this problem has been the utilization
of camber and twist on wings with subsonic leading edges in order to
obtain optimum wing load distributions because of the substantial gains
indicated by linear theory. A number of experimental investigations have
been conducted to evaluate this approach (for example, refs. 1, 2, and 3).

The wing for the current tests wes designed by the Theoretical
Mechanics Division of the Langley Research Center as part of a program to
investigate the drag-due-to-lift characteristics of cambered arrow wings
with subsonic leading edges. In a previous investigation a cambered and
twisted wing designed for a Mach number of 3.0 and incorporating 75° of
leading-edge sweep was expected to give minimum induced drag at a lift
coefficient of 0.1. The results of that investigation (ref. 1) indicated
that high negative pressures on the upper surface of the wing induced
supercritical velocity components normal to the leading edge. This
characteristic of arrow wing camber surfaces designed for minimum drag
led to flow separation and shock formation, and the wing did not exhibit
the advantages predicted by linear theory. The design criterion used
herein is to employ camber and twist of such a nature as to give a ninimum
theoretical induced drag consistent with the avoidance of conditions that
lead to supercritical flown. To obtain the Mach number components normal
to the leading edge of slightly less than 1.0, the camber surface, the
leading-edge sweep angle of 80°, and the design lift coefficient of 0.8
were selected for the current wing at the design Mach number of 3.0. A
2_.5-percent streamwise circular-arc thickness distributionwas used since
it was felt that the pressure characteristics of this section would not
adversely affect the pressure distribution over the wing. An uncambered
and untwisted arrow wing of the same plan form and thickness was provided
in order to compare the two wings.

Both wings were tested in the LangI% Unitary Plan wind tunnel at
Mach numbers of 2.29, 2.98, 3.96, and 4.65. The Reynolds number based
on the mean aerodynamic chord for most of the tests was 5.0 x 106.
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Additional tests at a Mach gumber of 2.9 were made at Reynolds numbers
of 12.7 x 106 and 16.1 x 10° on the wing with camber and twist and

12.7 x 10° and 14.9 x 106 on the wing without camber and twist.
SYMBOIS

The force- and moment-coefficient data are presented about the wind
axes system. The reference centers and reference planes are shown in
figure 1.

ot

wing mean aerodynamic chord, 21.67 in.

C drag coefficient, Drag
D oS
ey base drag coefficient, Base_Sdrag
D, _ L
C1, lift coefficient, L:;SEE
c pitching-moment coefficient, Pitching moment
m OpE
Clg, lift-curve slope, per deg
1 total length of model in streamwise direction, wing apex to
wine; tip, 50.00 in.
L/D lift-drag ratio
) Cf) . (C]S,min)flat wing
—Lg drag-due-to-1ift factor, 5
3o Cr” for (L/D)pax
Cpy f .
o longitudinal stability parameter (Cy, = O)
L
M free-stream Mach number
D free-stream static pressure, 1b/sq ft
a free-stream dynamic pressure, 0.7pM®, 1b/sq ft
R Reynolds number based on mean aerodynamic chord
S total wing area, 1.9 sq ft

X distance parallel to wing center line, in.

Y distance perpendicular to wing center line, in.
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z ordinate, measured normal to wing reference plane (table 11), iIn.

a angle of attack of the reference plane, deg

Subscripts:

C camber surface

l lower surface

max maximum value L
min minimum value %
u upper surface ©

MODELS AND APPARATUS

Dimensional details and photographs of the models tested are presented
in figures 1 and 2. The geometric characteristics of the models are given "
in table I. The ordinates for the cambered and twisted wing are given in
table 11. No ordinates are given for the wing without camber and twist.
This wing is called the flat wing hereinafter in the text. Both wings
have a 2.5-percent biconvex streamwise thickness distribution.

A minimum center body was placed on each model to provide a balance
housing. The center body for the flat wing (fig. 1(a)) consisted of a
cone cylinder. However, the center body for the cambered and twisted wing
differed somewhat from a cone cylinder as indicated in figure 1(b).

Forces and moments on the model were measured by means of a six-
component internal strain-gage balance. This balance was attached, by
means of a sting, to the tunnel central support system.

The tests were conducted in the high Mach number test section of the
Langley Unitary Plan wind tunnel which is a variable-pressure, continuous-
flow tunnel. The test section is 4 feet square and approximately 7 feet
in length and is equipped with an asymmetric sliding-block-type nozzle
which allows a continuous variation of Mach numbers from 2.29 to 4.6b.

TESTS

The tests were conducted at the conditions indicated in the following
table:
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Stagnation Dynamic Stagnation

Ma(t:)h Reynollds numtEJer pregsure 5 pressure, | temperature,
number | (based on E) | 13/ in "abs | 1v/sq Ft OF
2.29 50 x 106 14.6 629 150
298 50 x 100 21.0 530 150
12.7 53.3 1,45 150
149 62.5 1578 150
16.1 67.% 1,60 150
3.% 5.0 x 106 37.2 408 175
4.6 5.0 X 106 50.8 318 175

The dewpoint for all tests was maintained at less than -30° F. The
angle-of-attack range was from -4° to 10° for the flat wing and from
-12° to 4° for the cambered and twisted wing. Transitionwas fixed for
all tests.

The transition strips consisted of bands of sand 1/32 inch wide
applied at 5 percent of the local streamwise chord on the wing with a
density of about 100 grains per square inch. The grain height was
0.011 inch to 0.013 inch.

In order to indicate the flow conditions on the upper surface of
the cambered and twisted wing, a fluorescent oil was painted on the
wing surface. A description of this technique is given in reference 4.
The model was translated forward and rearward in the test section to
obtain photographic coverage of the wing, and the resulting prints
were assembled to form composite photographs (fig. .

CORRECTIONS AND ACCURACY

The maximum deviation of local Mach number in the part of the test
section occupied by the model is +0.015 from the average value given
for the lower two Mach numbers and 0,05 and 50.04 for the nominal
Mach numbers of 3.96 and %.65, respectively. The pressure gradients
are sufficiently small so that no buoyancy correction iIs required.

The average angularity of the flow in the region of the models was

evaluated by comparing the normal-force-coefficientvariation of the
inverted and upright tests, and the angle of attack was adjusted to



se%
v @
TE

G EeE

bring differences between these tests into agreement. The angles of
attack have also been corrected for balance-sting deflection.

The data have been adjusted to the condition of free-stream static
pressure on the base of the model center body.

Based upon balance accuracy and repeatability of data, it is esti-
mated that the data are accurate within the following limits:

CL " = ® = ® ® = ® = ® ® ® ®E ® ® ® = ®E ®E ® ® ® % ® = ® ® ®m ®m &® —-}:Ov 002

C[‘) [] [ [ [ = = = = = = [ [ [ = = = = = = = [ [ L] = = = = = = [ io ° 0005

Cé , ‘b "= = ® ® ®m ® ® ® ® % ® ® ® ® ® ®E ®E ® ® ®E ®E ® ®E ®E ® = ®E ®mE = '_".O » 0005
Cm = = - ® ® ® = ® ® ® ® ® ®§E ®§¥ ® ¥ ®E ®§E ®¥ ®E ® ®E ®E ®E ®E ®E ®E ®E ®§E = -—}:O » 0005
a, deg "= = = = = ® ® ® ® = ®E ®E ®E ®E ®E ®§E ® ®E ¥ ®E ®E ®E ®E ®E ®E = =®E &= iOo l

PRESENTATION OF RESULTS

The results of this investigation are presented in the following
figures:

Figure
Variation of base drag coefficient with angle of attack
for various Mach numbers at R =50 X 10® + o v v 4 + &« « & & 4
Variation of base drag coefficientwith angle of attack
for various Reynolds numbers at M =298 . . . . ¢« ¢« & & « 5
Bagic aerodynamic characteristics = = = = = = = = = = = = = &« & 6
Comparison of theoretical and experimental results at
= 20 98 + ’ > ’ » k] » . » ’ R » » » ] , ’ £ ] * . . s * 1 » » 7
summary OF the aerodynamic characteristicS + + « + v « & & &« & 8
Comparison of the variation of CD min R4 (L/D)pax Wwith
Mach number of cambered and twisted arrow WINgS & = s = = = » 9
Effect of Reynolds number on basic aerodynamic
characteristicsat M =298 . . . & v v 4 ¢ & & & & = = = = = 10

Variation of Cp pin and (L/D)pax With Reynolds number at
M 2 98 L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] jl
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DISCUSSION

Performance

At a Mach number of 2.98, which corresponds closely to the design
Mach number, and at a design lift coefficient of O.(B, the cambered and
twisted wing produced a maximum lift-drag ratio of 7.5 compared with 7,1
for the flat wing (fig. 7). Both wings had lift-drag ratios slightly
higher than the no leading-edge suction estimate of 6.8. However, the
cambered and twisted wing failed by a considerable margin to achieve
the theoretical level of 9.1. This result is reflected in a comparison

of the drag-due-to-lift factors BEDE (ref. 5), which were 0.340 for

ACq,
theory as compared with 0.838 for the experiment. It should be emphasized
that the drag due to lift was comguted by using the flat-wing minimum drag
values as suggested in reference o. I is pointed out that this method
of computation does not consider the shape of the drag polars. These
higher experimental values of drag could result from the presence of
shocks on the wing and attendant flow separation as found in a similar
investigation of a 74° swept cambered and twisted arrow wing (ref. 3).
The pitching-moment curves (fig. 6) show destabilizing breaks at lift
coefficients near those for maximum lift-drag ratio; this gives a strong
indication that a change in the expected loading is taking place on the
wings. The flow photographs (fig. 3) which were made at lift coefficients
below the design lift coefficient of the wing showed no shocks and only
minor flow separation at the trailing edge on the upper surface of the
wing.

The cambered and twisted wing had higher values of maximum 1ift-
drzélg ratio than did the flat wing up to a Mach number of approximately
3.6b, where the flat wing became more efficient (fig. 8)-

In general, both the wings showed the usual decrease in maximum
lift-drag ratio with increasing Mach number. The values went from 7.8
and 7.1 at M = 2.29 to 6.5and 7.05 at M = 4.6 C'for the cambered wing
and the flat wing, respectively. The values of -B—CDE for both wings

L
(fig. 8)were lower than the values of 1/cr, (1/c1, corresponds to

the case of no leading-edge suction) up to a Mach number of approximately

aC

4.2, where B_DE became greater than 1/Cr, . Thus, both wings realized
C1,

some so-called leading-edge suction below a Mach number of 4.2.




A comparison of the cambered and twisted wings of the present inves-
tigation and of reference 1 is given in figure 9. The 80° wing at the
design Mach number of 3,0 has an increment of about 1.0 in lift-drag
ratio over the wing investigated in reference 1, and this favorable
increment is probably due to the lower value of minimum drag of the 80°
wing. These results show that, although the design. lift coefficient
was decreased anml. the leading-edge sweep was increased for the present
wing, apparently it is rather difficult to attain the linear-theory
prediction for cambered and twisted wings of hi& maximum lift-drag

ratios at this time.

The data at higher Reynolds numbers at a Mach number of 2.98 for
the flat and cambered wings (fig. 10) do not show any unusual results.
In Figure 11, the maximm lift-drag ratio for the cambered and twisted
wing increases about 0,5 to a value of 8.0 in a Reynolds number range

from 5.0 x to 16.1 x 106, whereas that for the flat wing increases
about 0.6 to a value of 7.7 in a Reynolds number range from 5.0 x 100

to 14,9 X 106 Since the shape of the drag polars is almost the same
throughout the Reynolds number range for both wings, the drag due to
lift does not change appreciably and the increments in lift-drag ratio
due to increasing Reynolds number are directly attributed to the lower
values of minimum drag at the higher Reynolds numbers.

Longitudinal Stability

Examination of the pitching-moment curves (fig. 6) shows that the
cambered and twisted wing develops positive pitching moments at zero
1ift coefficient throughout the Mach number range ,of the tegts This is

a favorable effect, since for some static margin (e.g. , - %‘—Iﬁ the wing
CL,

could be made to trim exactly at the lift coefficient for (L/D)pox-
Thus there would be no loss iIn (L/D) s due to trimming the wing.

With the moment referaence centers at 0.4742, both wings had static
longitudinal stability |- -C—m2 at all Mach numbers of the tests except at

BCL
a Mach number of 4,65 where the static longitudinal stability g—gm =
L
became neutral for the cambered and twisted wing (fig. 8). Destabilizing
breaks iIn the pitching-moment curves occurred at low positive lift coef-
ficients at all test Mach numbers (fig. 6). The pitching-moment curves
for both wings at the higher Reynolds numbers (fig. 10) do not show any
significant changes when compared with the data at a Reynolds number of

5.0 % ic.
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The aerodynamic-center location varied from 0.5492 to 0.k74E for
the cambered and twisted wing and from 0.554¢ to 0.516¢ for the flat
wing between Mach numbers of 2.29 and 4.65.

SUMMARY OF RESULTS

Results of this investigationmay be summarized as follows: At a

Mach number of 2.9 and a Reynolds number of 5.0 x 10° , the experimental
maximm lift-drag ratio for the cambered and twisted wing was 7.5 as
compared with the theoretically predicted value of 9,1 for the design
Mach number of 3,00. The cambered and twisted wing showed a 0.4 increase
in lift-drag ratio over the flat wing at a Mach number of 2.98. The
value of max im lift-drag ratio at the design Mach number increased
with increasing Reynolds number and reached a value of 8.0 at a Reynolds

number of 16.1 x 106

Both wings with a moment center at 0.474e had static longitudinal
stability near zero lift coefficient throughout the Mach number range,
except at a Mach number of k.65 where the cambered and twisted wing
became neutrally stable.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., August 11, 1959.
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Length,

Flat arrow Wing « =« « = s = s = s s = = = s = & &
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TABIE I.- GEOMETRIC CHARACTERISTICS CF THE MCCHS

in.

Cambered and twisted Wing « « &« & = = = s = &
Diameter of body on flat wing,
Width of body on cambered and twisted
Base area,

sq in.
Flat arrow Wing « « « =« = = = = =

in.

Cambered and twisted arrow wing

wings :
Area,
Span,

SOgFft w o o & & & & 0 5w
in.
Aspect ratio

Taperratio..
Sweepback of leading edge, deg
Sweepback of trailing edge, deg

Total length in streamwise direction,
wing tip,

in.
Mean aerodynamic chord,
Mean-aerodynamic-chord location,

in.

in.

wing apex to

Lateral distance from body center line .

Wing, in.

Longitudinal distance fromnose « « =« =« & = = = = s = = = =
in.
in.

Notch ratio,

Theoretical root chord,

Total length of wing,

34.36
33.86

1.875
1.374

2.765
2.390

1.99
17.632
1.085

80.0
63.37

50.00
21.67

2.939
16.67

0.65



TABIE 11.- ORDINATES FOR 80° SWEPT ARROW WING WITH CAMBER AND TWIST

[Ordinates are mondimensional; positive directions are indicated
by arrows in sketch]

1-560

—Z
Reference ——r=s——T——
Axis
z Ze Zu 2y z Ze Z zy
A 1 l 1 1 1 1 1
X =0 X= 010
7 3
o Jo.ois7 | o.ok57 | o.0u57 5 0.03400 | 0.03861 | 0.03019
.00071 | .03450 .03855 03045
X = 0.05 00141 | L0351 .038L3 .03061
T ,002L7 | .03452 | .03820 | .0308)
00423 | .03LL9 03779 .03119
0 3.04000 | 0.04227 | 0.03773 .00705 | 03408 .03678 .03138
00035 | .oLooo | .ou218 | .03782 .00987 | .03320 | .03520 | .03120
.00071 | OLO0O .0l208 .03792 .01322 | .03075 .03190 .02960
.00123 | .0LOOO | 04196 ( .0380L .01516 | .02870 | .02936 | .o280L
-00212 | .0h0OOO | .OL171 | .03829 01622 | .02725 | .02763 | .02687
00353 | .0399%0 | .ol127 [ .03853 .01675 | .c26L8 | .02672 | .0262L
-00L9) | .03930 | .OLO3k | .03826 J0L710 | .G2600 | .02612 | .02588
.00661 | .03790 | .03846 | .0373L LOLTh6 | L0250 | L0254 | .02536
-00758 | .03690 | .03723 [ .03657 L01763 | .02520 | .02520 | .02520
.00811 | .03620 | .03640 | .03600
.00838 | .03580 .03592 .03568 X - 0,15
.00855 | .03560 | .03566 | .0355L 1
.00873 | .03530 .03532 .03528 '
.00882 | 03500 | .03500 | .03500 0.02890 | 0.03466 | 0.02314
00106 | -02900 | .o3hs9 | -023L1
.00212 .02908 .03L46 -02368
.00370 | .62908 03420 -02396
00635 | .02900 | .03365 | -02u35
01058 | -02850 | 03229 | .02L7L
.oLygl | .02723 | .03012 | .O2L3L
o198l | .02385 | .G2eso | .02215
.02275 | .02098 | .02195 { -02001
02433 | .o1912 | .on968 | .01856
.02213 | .o1815 | .orgso | 01780
02566 | .01725 | 01745 | -01703
.02618 | .o1653 | .01659 | .O0LELT
.02648 | .01610 | .01610 | -0L6LO
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TABIE 11.- ORDINATES FOR 80° SWEPT ARROW WING WITH CAMBER AND TWIST - Continued

¥ il Zu 21 X Ze 2y z
l 7 1 l l 7 7 1
X
T = 6.30
0 0.02350 | 0.63036 | 0.01664 o 0.01300 | 0.02107 | 0.00493
.CO1L41 | .0235%5 .03028 .01682 .00212 | .01305 . 02098 .00512
00282 | .G2360 .03015 01705 L0023 | 01308 .02087 .00529
LO0LoL | .02355 .02978 .01732 .007h1 | .O1311 .02067 .00555
.008L6 | .023L5 .02930 .OL770 .01270 | .c1305 . 02013 .00597
L0111 | .02320 .G2798 .018L2 ,02116 | .01248 61863 . 00633
01975 .0217C .02539 .01801 .02962 01120 01619 . 00621
L026L5 | 01755 .01978 .01532 03967 | .00910 .01226 L0059
.03033| .01LhS .01575 .01315 LOLShe | .00790 .00980 . 00600
L0324 | .c12s0 .01326 L0117k 04867 | .0Cc680 .00791 . 00569
.03350| .o11l0C .01187 .01093 .05025 | .00620 . 00690 .00550
03421 .01075 .01103 .01047 .05131 | L0540 L0058l 00196
.03491| .G1000 .01010 . 00990 05237 | .00L8BO .GOL9S .GOL6S
.03%27|  L00952 .00952 00952 .05290 | .0OOLLY .00L4LS .00LL5
23 X _0.35
1
0 0,01800 | 0.02569 | 0.01031 0 0.00725 | 0.61532 | -0.00082
00176  .OLE0L .02556 .01052 00247 | .00725 .01523 | -.00073
.00353| .01810 .0254L .01076 .00l [ 00725 .01513 | -.00063
LCO6LT| .01815 .02521 L 01169 .0086l | .oc725 L0196 | -.00046
.01058 | .01815 .02168 L01162 .01481 | 00725 01461 | -.00011
L01763| .03760 .02318 . 01202 L0269 | 00725 LOL281 00069
L0269 .01585 .02025 .01145 .03456 | .00725 L01268 .00182
.03306| 01250 .01523 .00977 .04629 | .00725 ,01082 .00368
L03791( .o1020 .01178 .00862 .05307 | .00725 L0092 .00508
.0LOS6 | .00B60 .00953 00767 05678 | .GOTAO0 .00838 .00582
.01;183 ~00780 .00839 .00721 .05863 .C0670 00753 .00587
.0L276|  ,00705 [ .00739 .00671 .05986 | .00631 .00682 00580
-0L36L| 00640 | .00650 | .00630 06110 [ .o00s65 | .00582 |  .005L8
-OLLOG[ 00600 .00600 | .GO6GO L06171 | .co50L 0050 .0050L

13
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TABIE 11.- ORDINATES FOR 80° SWEPT ARROW WING WITH

[EARCRaES

e W

CAMBER AND TWIST - Continued

i 7 7 l l l 1 1
X =040

) 0.0CL70 | 0.00939 |-0.00599 0 ~0.00970 [-0,003%6 | -0.01546

.00282 [ .00160 .00926 | =.00606 .00353| ~.00956 | ..0036L | -.0135L8

L0056l | 00155 .00919 | -.00609 .00705| -.00950 | -,00346 | —.C155k

00987 | .00155 L00910 | =.00600 .01234| -.00920 | ~-.00300 | =-.015LO

.01693 £0165 .00898 | -.00568 .01587| -.00895 | -.00266 | -.01524

.02821 | .o02hs .00917 | ~-.,00L27 .02116| -.008L7 | -.00210 | -.01L8L

.03950 | .00L00 .00973 | -.00L73 .02821| -.007L45 | -.0010L | -.01386

05290 | 00685 .0L0L6 .0026) .03527| -.00530 .00105 | -.01163

06066 |  .00806 .01048 .00562 .0l4232( -.00250 .00365 | ~.00865

.06L89 | .00801 .00945 .00657 .0L937| .00050 .00633 | -.00533

.06700 00760 .00852 .00668 05731 .oo0h21 .20947 | -.00105

.068L1 00716 .00773 . 00659 .06612| .0078Y4 01216 .00352

.06983| .c06LL .00659 .00623 .07229| .00936 ,01280 .00592

.07053 | .00573 .00573 00573 .07582 .00983 .01266 .00700

.07935| 00993 .01206 L0780

X - 0.5 ,08111 .00983 01158 .00808

7 .08287| .00956 .0L091 .00821

L08376|  .00935 .01048 .00822

) .0.00400 | 0.00286 | -0.01086 .08552| .00882 .00952 L0812

.0G317 | =.00400 .00298 | -.01098 .086L0| .008L40 L00880 .00800

.00635 | -.C0395 .00307 | -.01097 .08816| .00706 .00706 .00706
01111 | -.00390 00316 | =.01096

L0190, | -.00350 .00352 | =.01052 X .055
L0317 | -.00175 Lokl | -.o08L1 1 '

.04443| .001%0 .00777 | -.C0397

L05951 | 00722 .01138 .00306 0 £.01530 [-0.01109 | -0.01951

.0682L [ 00896 .01159 . 00633 .00388| -.01515 [ -.0L069 | -.01961

.07300 | ,00893 .01053 .00733 .00776| -.01500 | -.01030 | ~.01970

.07538 | 00848 . 00951 L007TL5 .01358| -.01h62 | -.00961 | -.01963

07697 | .00799 .00862 .00736 L01746] -.01430 | -.00911 | -.01949

07855 | L0716 .00738 L0069l .02328] -.01352 | -.00810 | -.0189h

.07935| .006LO L0640 00610 .03103| -.01180 | ~.00617 | =.01743

.03879| -.00860 | -.008k | -.01436

.0L4655| =.00450 .00125 | =.0L025

.05431| -.00015 L0053 | =.ab573

.0630L| .oohlnd .00960 | -.00078

.07273|  .008L3 .01282 . 0040l

.07952 0101L 01371 .00657

.08340| .0L067 .01363 .00768

.08728| .01081 .01309 .00853

.08922| .01072 .01260 ,00884

09116 .01043 .01189 . 00897

209213 .01020 .01l .00896

09407  .00963 .01039 . 00887

.0LsoLy|  .00918 .00970 00866

.09698| L0771 .00771 L00771
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TABIE II.- ORDINATES FOR 80° SWEPT ARROW WING WITH CAMEER AND TWIST - Continued

15

¥ % Z 21 X Z¢ Zy 2

1 ) 1 3 L L P 1
% = 060 El = 0.70

0 0092150 | -0.01923 | -0.02377 002519 | -0.02825 | -0.02825| -0.02825
+00L23 | -.02115 -+01850 | -+02380 $02962 | 402715 | =e02668( -.02762
2008L6 | ~+02065 ~e01767 | =402363 +03950 | -.02240 02106 -.0237L
01481 | -.01980 —e01636 | =e02324 «0L937 | -+N1600 -+01385| -.01815
.0190h| -091900 | -.01529 | -.02271 «05925 | =40083L -»005L9 | -.01119
.02539| -.01770 -eN1359 | -.02181 06912 | -.001h0 090200 ~-.00480
«03385] —001510 | -.010Lk | -.01966 »08023 «00L77 «00855|  +00099
.0l232| -001128 | -.006L0 | -.01516 +09257 «00998 «01377| +00619
205078 | ~+0D0625 -e00117 | -.01133 .10121 01229 01572 .00886
+05925| =+00078 +00L3k | =+00590 «10615 | .01305 +01609|  +0L001
«06877| «00LS8 «00952 | -.00036 211109 .01333 .01581| 01085
«07935| 09898 +01333 +00L63 211355 | .01326 <01538( .0111L
«08675| +01089 .01L52 «00726 +11602 «0129) JOLL6L| .01124
09522 01167 «01L07 «00927 «118L9 «01234 J0135L| .0l111L

«09733] 01158 01357 «00959 «11973 +01198 «01291( .01105
«099L5| +01128 <0128k «00972 «12096 01113 «01207( .0L079
.10051| 01103 01236 #0970 «12219 «01076 «01109 | «0l0L3
210262 L01042 o012} «00960 «123L3 «00960 200960 +00960
.10368| «0099L .01050 +00938
.10580| 00835 «00835 «00835 . 5

- = 0.7
1
x =
1 043 0.02038' -0.01920 ~0«01930 -0.01932
0 0402745 | 0402715 | -0.027k5 +05290 | -+0L750 | ~e01725 | 40177
.00LS8| ~e02700 | =-+02655 | -.027L5 'g§i32 oo | Tl :'232%%
«00917| -002650 | ~+0256L | -92739 208596 | .00LBL | 00759 | .00203
e01605 | =402555 | =-e02L0L | -.02707 ‘O 18 ol ” osez | oot
«02063 | =402170 | -02280 | -.02660 09 :010L3 | .0L362 | 0072k

02751 | 202200 | —v020hk | -.02536 J108Lh | 401295 | .01608 | .C0982
03668 | 201930 | -.01618 | -.022L2 '%%373 .o%igo 'Oigéé «Clo9h
«0L585 | -e01390 | -.0l021 | -.01759 e | o | SaE!| Sl
\05501| -+00759 | =+003h6 | -.01172 ol IRl Berel o4

OBU18 | ~.00107 |  +00333 | -.005k7 A2lal )| oLl | L0lolo ) 01208

.12828 .01274 01371 | .01177
093981 +n1160 +01519 .00801 :

09857 71229 01539 50919 «12960 .01216 0128L | .011L8
10315| o1251 0198 | o100k +13092 1 LOLLL5 | .0118C| .01110
.1077h| 01211 «01375 | 01047
J10888( .01186 #1325 «01047
L1117 W0li21 «01209 201033
L11A1 |  .00898 00898 +D0898
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TABIE 11.- ORDINATES FOR 80° SWEPT ARROW WING WITH CAMBER AND TWIST - Concluded

X Ze g %1
i l i l
X
7 = 0.8¢
0.07557 | -0.00L35 | -C.00L35 | -0.00L35
07899 ©.00216 | -.00L8L 002118
09169 00481 «0062} «00338
.10580| +0LO8L «01315 .00853
211567 .01358 «0161]; +01102
212131 o01h52 01703 01202
212696 .01L90 LOL71h .01266
«12978 L1487 01688 01286
13260 01453 »01622 20128l
13401 .01h23 01572 01274
213542 .01388 .0151} «01262
1382l .01288 .01358 .01218
J3965| L.01212 .01249 «01175
X
.= 0.85
0.100761 0.00635 1 0.00635| 0400635
J1251) .01122 01226 .01018
22901 01417 .01588 01216
.12890| 01521 01711 .01331
13489  .01566 .01755 «01377
13769 .01565 |  .017L2 |  .C1388
14089 .01530 .01685 «01375
214238 .0LL99 «01639 .01359
L113881 01463 «01585 01341
2145381 .01kl +01520 .01322
2L6881  .01358 .01429 01287
.1h838] .01279 .01317 01241
L1L9881 .011bko L0110 «011L0

4 ¢ iy i}
) i ) 2
X
L= 0.90
012595 | 0401355 { 0.01355 | 0.01355
12013 | o0Lh7h | 0151k «01h3l
13648 | .01588 01678 01498
Jd4282 | .o16ho | .01762 «01518
«1L600| 01640 | .01768 201512
119171 .01606 | .01730 01182
2150761 oOL57hL | .01692 L0156
215235 | J01537 | .016Lk .01}430
»15393 | .01L93 | .01587 «01399
155521 Lo1l28 | .01L97 »01359
«15711 | .0L3LL | .01383 .01305
15869 .01198 | .01198 01198
X
L" 0095
0 w1511 | 0.01700 ] 0.01700 | 0.C1700
15511 01715 | .017L2 .01688
5746 | 01680 | .01731 «01629
«1591) 01647 «01707 «01587
L6081 | 01609 | .0L673 01545
«16249 | .0156L | .01627 01501
J6E416] L0LL96 | .01551 014l
D658 | .01L09 | .01hbb «01373
216751 | .017255 | .01255 «01255
X
17 1.00
0617633 | 0.01311 | 0.01311 | 0.01311
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(a) Flat wing.

Figure 2.- Models of the 80° swept arrow wings.
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(b) Cambered and twisted wing.

Figure 2- Concluded.
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@ M = 2.29; cy, = 0.065. () M= 2.98; cq, = 0.036.
Figure 3.= Flow studies on 80° swept cambered and twisted arrow wing in
which oil-film technique was utilized. Transition fixed;

R =5.0 X 106.
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Figure 4.- Variation of base drag coefficient with angle of attack for
the 80° swept arrow wings at R = 5.0 x 10°.
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Wing

O Flat
O Cambered and twisted

(@ M =2.209.

Figure 6.~ Longitudinal aerodynamic characteristics of 80° swept
wings at R =5.0 x 100.
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(a) Concluded.

Figure 6.= Continued.
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Figure 6.- Continued.
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(b) Concluded.

Figure 6.- Continued.
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(c) Concluded.

Figure 6.- Continued.
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Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure /.- Comparison of theoretical and experimental longitudinal aero-
dynamic characteristics at M = 2.98

and R =5.0 x 10".
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Figure 8.- summary of the longitudinal aerodynamic characteristics for
the 80° swept arrow wings.
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(a) Flat wing.
Figure 10.- Longitudinal aerodynamic characteristics at several Reynolds
. numbers for the 80° swept arrow wings at M = 2.98.
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(b) Cambered and twisted wing.
Figure 10.- Continued.
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(v) Concluded.

Figure 10.- Concluded.
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Figure 11.- Variation of (L/D)max and Cf),min with Reynolds numbers
for the 80° swept arrow wings at M = 2.98.
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